Background: Older adults live with multimorbidity including frailty and cognitive impairment
| INTRODUCTION
A consequence of the success of single disease medicine has been the virtue of increased life expectancy, but as a result, the ageing population is more likely to grow old with 2 or more conditions, commonly termed multimorbidity. 1 Reduced quality of life and function with increased health care use are associated with multimorbidity, 2 which, in addition to other age-related health problems including frailty and dementia, increases illness burden and associated disability. 3 United
Kingdom (UK) data suggest that 1 in 6 people have >1 disease and represent a third of primary care consultations 4 ; moreover, a large Scottish study observed 82% of people over 85 years lived with ≥2 chronic conditions. 5 Within this context, UK nonelective older adult admissions to secondary care are increasing 6 of which 60% are admitted with or go on to develop cognitive impairment 7 and 80% present with frailty. 8 It is therefore expected that most older patients admitted to hospital present with multimorbidity, which results in many challenges for multidisciplinary teams. 9 Physical deterioration in older adults is mediated by complex processes influenced by physiological, psychological, environmental, and sociological factors. 10, 11 The hospitalization process itself is also a factor where environmental and cultural constraints on physical activity occur. 12 Rehabilitation of functional movement can reverse physical deterioration 13 and is typically delivered by physiotherapists whose training in physical activity interventions (PAIs) affecting strength/ balance, physical fitness, gait, respiratory, and cognitive systems positively influences patient deconditioning, mobility, activity, and participation. 14 Nonetheless, evidence of effective PAIs in hospitalized medical older adults is at best assumed, not least due to considerable unexplained variation in PAI outcomes, 15 meaning there remains
incomplete knowledge of what works, for whom and at what dose.
The predicament is in part explained by our inability to characterize interventions-the purported "black box" of rehabilitation. 16 Furthermore, regular exclusion of hospitalized multimorbidity patients from PAI studies 15 emphasizes our inadequate understanding of rehabilitation for older patients. Therefore, we need to understand rehabilitation at a population level to ensure all older hospitalized patients receive a targeted, high-quality service defined by patient outcomes.
An alternative approach first needs to establish PAI dose-response relationships, 14, 15 determine associations between patient characteristics and responsiveness to PAIs during acute hospitalization, and adopt standard PAI descriptors (frequency, intensity, duration, and type). 17 Thus, the aims of this study were to first observe PAI frequency and duration data for a representative sample of older adults admitted to hospital. Then, determine the impact PAIs have on the sample's clinical and hospital performance parameters and examine if their cognition and frailty status affects outcomes and associations with their PAIs.
2 | METHODS
| Study design and ethics
A single-site prospective observational cohort study was undertaken following ethical approval from the study site, who considered the project a service evaluation (RJ112/N250) and the University of Surrey (EC 2013 03). The researchers have followed the STROBE statement 18 for improving the reporting of observational studies.
| Setting
The study setting was a 3-ward (84 bed) older persons' unit (OPU) providing specialist, acute, inpatient interdisciplinary care to adults ≥65 years, part of a large, UK urban NHS Foundation Trust.
| Participants
All patients ≥65 years admitted to the OPU over a 2-month period were eligible for inclusion. Patients admitted for ≤48 hours, readmitted to OPU within 30 days of discharge, or identified for palliation were excluded yielding a convenience sample (n = 75). Local trust consenting policy for PAIs was upheld.
| PAI interventions
A PAI constituted a face-to-face therapeutic contact between a physiotherapy clinician and patient as part of their rehabilitation delivered Monday to Friday. To limit PAI type and intensity variability, clinician-led PAIs were framed by an evidence-based algorithm based on needs assessment (please see Table S1 ).
| Measures
The primary clinical parameter was change in patient activities-of- 
| Data analysis
After normality was confirmed (Shapiro-Wilk test), admission/discharge change in clinical measures was determined using independent student t tests for all participants and within frailty/cognition subgroups. Mann-Whitney U tests were used in the event of non-normality. Baseline subgroup differences in the categorical variables were assessed using chi-square tests. Descriptive data are reported using appropriate measures of central tendency. (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . Over half of all participants (n = 43, 57%) were cognitively-impaired, and of patients able to undertake a grip strength assessment (n = 67), 49 (73%) were classified as frail (Table 1) .
| PAI dosing characteristics and clinical parameter changes
For each episode, PAI commenced after a median of 2 days (1-4).
Median frequency was 0. (Table 3 ).
In contrast, within the unimpaired groups (CoGUN and NFr), total PAI duration was associated with ADL functional change (CoGUN: r = .511, P < .05; NFr: .470, P < .05) and CONFbal (CoGUN: r = −.438, P < .05; NFr: r = −.320). In the NFr group, there was a negative (non-significant) association between duration of PAI and change in dominant grip strength (r = −.412). Furthermore, positive associations in this group with time to first physiotherapy intervention and change in GVel (r = .419), CONFbal (r = .309), and change in dominant grip strength (r = .327) were observed but were also non-significant.
| DISCUSSION
This study investigated the association between PAIs delivered by physiotherapists and changes in clinical parameters in hospitalized medical older adults. Our main finding is that while PAI dosing is consistent and changes in clinical outcomes over hospital episodes are A) shows data for the whole sample; B) shows data within cognition subgroups; C) shows data within frail subgroups. Statistically significant associations are labelled. *Correlation is significant at the .05 level (2-tailed); **Correlation is significant at the .01 level (2-tailed).
positive, patients respond more favorably to PAIs if they are not frail or cognitively-impaired.
Although our sample was~7 years older than the national average, 6 it was otherwise representative of UK older patient population data in terms of LOS, 6 cognitive impairment proportions, 7 frailty, 8 multimorbidity, 22 and functional dependence on admission with deterioration 2 weeks prior. 23 Additionally, there were no patient characteristic differences between subgroups other than more multimorbidity participants in the frail group, meaning our sample demonstrated internal consistency.
Overall, participants received similar PAI duration and frequency indicative of equality in access to physiotherapy. This interpretation withstood subgroup analyses, where statistically significant associations between LOS and PAI duration were observed, and confirms that
PAIs are delivered consistently regardless of clinical episode length.
Subgroup analysis revealed several moderate to large associations between amount of PAIs and change in clinical measures although most of these were in unimpaired subgroups. This suggests that while PAI dosing is consistent, it likely to have more clinical impact when delivered to cognitively-unimpaired and nonfrail individuals. This is the first time this finding has been reported.
A review of the current literature to explain our results reveals inconsistent findings. For instance, studies have reported worse functional outcomes with rehabilitation for patients with cognitive impairment and frailty compared to unimpaired participants. 24, 25 Equally, others have concluded that rehabilitation benefits these patients. 26, 27 Our clinical practice observations suggest that when interventions are delivered consistently, they yield favourable outcomes but only for some patients (cognitively-unimpaired and nonfrail) and not others.
Thus, a contemporary approach is now indicated where adjustments of PAI dose relationships are investigated in hospitalized medical patients with multimorbidity.
A recent UK study provides an example of the potential of manipulating the PAI for a certain clinical subgroup. 26 They report encouraging results where a higher frequency of physiotherapy was associated with shorter LOS and greater functional recovery in frail hospitalized adults. Our observations lead us to hypothesize that altering the dose relationship would lead to optimal clinical outcomes for our most impaired patients. This may include the frequency of intervention as
Hartley and colleagues 26 report, but attention to the duration of PAI is also important, particularly to patients who are vulnerable to in-hospital deteriorations in physical function. 28 For example, more frequent and shorter PAIs are indicated in frail patients because of their poor tolerance of exercise, 29 and multimorbidity patients' reliance on help for functional tasks 30 means self-administered PAI adherence is likely to be poor with alternative modalities of delivery required.
Consideration of the greater needs of those cognitively-impaired and those older people with frailty and multimorbidity may require additional physiotherapy resource to achieve health status changes during hospital stay. This may be an unrealistic goal for rehabilitation during hospital care without service redesign decisions such as development of 7-day working services. Any service redesign would do well to contemplate that an outcome-driven, more equitable and efficient service prevails by offering consistent but needs-based targeting of physiotherapy resources. Equally, if physiotherapy is to produce consistent improvement in PAI outcomes, it must embark on research processes to identify factors that predict rehabilitation success for hospitalized older adults.
It is possible that PAI durations might have been misrepresented in our study because capturing scheduled therapy time alone can overestimate active time. 31 We acknowledge that while attempts were made to standardize PAIs in terms of their mode and intensity (PAI algorithm; Table S1 ), we remain unable to report confidently what proportion of session times constituted physical activity in our study. Therefore, it is conceivable that multimorbidity patients spent longer unengaged with therapy because they perceived PAIs to be too effortful, 32 and session duration was not adjusted by the therapists to develop a therapeutic relationship and undertake physical activity. 33 Thus, amounts of meaningful physical activity during PAI sessions may partly explain our observations between subgroups.
As is frequently experienced in studies in clinical settings, we were not able to capture complete data for all participants. A pragmatic, complete-case data analysis approach was adopted in this study, and this may have biased our results. However, the findings of this observational study undertaken in a clinical setting are important and can contribute to generating further hypotheses worthy of more rigorous testing. 34 Consequently, development of creative frequency/duration dosing that is targeted to hospitalized patients in consideration of multimorbidity including frailty or cognitive impairment is now indicated to maximize PAI efficacy.
| CONCLUSION
The effectiveness of PAIs on hospitalized older patients, often presenting with multimorbidity, are not supported by a strong evidence base.
It remains unclear to what extent PAI dose, natural recovery, or other factors combine to affect their functional status.
While we observed consistent PAI dosing, we found that patient presentation influenced the therapeutic capability of PAIs. As a consequence, adaptation of PAI dose based on patient presentation is desirable. Given these findings, services redesigned to deliver a personalized rehabilitation approach through targeting PAIs may be required.
Clinical messages
• Hospitalized older adults present with multimorbidity including frailty and cognitive impairment
• Associations between PAIs and clinical outcomes are larger for nonfrail or cognitively-unimpaired patients
• Targeting PAIs by adjusting dosing factors is indicated
• Identification of factors that predict favourable outcomes is required to improve acute rehabilitation services
